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RESULTS OF SRB SEPARATION TEST USING THE 0.010
SCALE SSV MODEL 75-0TS IN THE AEDC VKF

TUNNEL A (IA143)

by

J. J. Daileda and J. Marroquin

ABSTRACT

An experimental investigation (Test TA1k43) was conducted in the
AEDC /VKF Tunnel A from November 8 through November 13, 1976. The
objective of this test was to complete data voids in the SRB separation
aero data base for both BSM plume-on and plume-off conditions. These
Aata volds were primarily at negative « initial separation conditions.
Six-compoﬁent force and moment data were obtained on the Orbiter/ET, and
h-component force and moment data were obtained on the right SRB. BSM
plumes were simulatéd with high pressure nitrogen exhaustinglthrough

specially designed nozzles.
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NOMENCLATURE

Arnold Engineering bevelopment Center
reference span, in.

booster separetion motor

axial force coefficient

body axis rolling moment coefficient
pltching moment coefficient

pitching moment coefficient dué to BSM thrust

pltching moment coefficient due to both BSM
thrust and aerodynamic effects

body axis yawing moment coefficient

body axis yawing moment coefficient due to BSM
body axis yawing moment coefficient due to bhoth
BSM thrust and aerodynamic effects

normal force coefficient due to aerodynamic loads
normal force coefficient due to BSM thrust

normal force coefficient due to both BSM thrust
and aerodynamic effects

reference chord, in.
side force coefficient
side force coefficient due to BSM thrust

slde force coefficient due to both BSM thrust
and aserodynamic effects

PLOT
SIMBOL SYMBOL DEFINITION.
AEDC
byef BREF
BSM, BSRM
Ca CA
Cy CBL
Cn CIM
ij CIMJ
CmT CIMT
Cp CYN
an CYINJ

thrust

CnT CYNT
Cx CN
CNJ CNJ
Chp CNT
Cref CREF
Cy CcY
CYJ CYJg
Cyp CYT
CTs

captive trajectory system



NOMENCLATURE (Continued)

. PLOT
SYMBOL SYMBOL DEFINITION
ET external tank
ref LREF reference length, in.

M MACH freestream Mach number

MRP moment reference point

m MDOT total mass flow measured by venturi,
1b. mass/sec.

p PA pressure in supply line to venturi, psia

Po PO tunnel stilling chamber pressure, psia

Pe PINF freestream static pressure, psia

Pj JET PC chamber pressure of simulated BSM ets, psia
(identified as "Jet Press" on tabl -11.)

Ps PS pressure in supply line to BSM, psia

Pb/ P, PB/PF SRB base to freestream static pressure ratio

pbl/poo PB1/PF orbiter base to freestream static pressure ratio

pbz/poo PB2/PF orbiter base to freestream static pressure ratio

pc/pm PC/PF orbiter chamber to freestream static pressure
ratio

P £t PCHA aft chamber pressure in SRB, psia

a
pcf g PCHF forward chamber pressure in SRB, psia
w

Ap ' DELP pressure differential between throat tap and
supply line on venturi used to measure mass
flow to BSM, psia

N QINF freestream dynamic pressure, psia



NOMENCLATURE (Continued)

unit Reynolds number, per foot
reference area, ft.

solid rocket booster

space shuttle vehicle

temperature of air to left SRB, OF

OF

temperature of air to right SRB,
temperature of air supplied to venturi, °R
tunnel stilling chamber temperature, ©R
freestream static temperature, °R

von Karman Facility

longitudinal location of mated orbiter/ET
T

longitudinal location of SRB MRP, in XS

orbiter longitudinal station, in.

PLOT

SYMBOL SYMBOL DEFINITION

Re/ft RE/L

Sref SREF

SRB

3SV

Tl Tl

T, T2

Ty TA

T TO

T, TINF

VKF

XMRPo/ET i MRP, in. X
X .

SRB
X, X0
X XS

SRB longitudinal station, in.



SYMBOL

AY

PLOT
SYMBOL

LT

YO

s
ZMRP

20

28

v
ALPHA
ALPHAB
BETA
BETAB
ATLRON
BDFLAP

ELEVON

NOMENCLATURE, (Continued)

DEFINITION

ET longitudinal station, in.

lateral locstion of mated orbiter/ET MRP, in. ¥nq

lateral location of SRB MRP, in. Y,

orbiter lateral station, in.

SRB lateral station, in.

ET laterel station, in.

vertical location of mated orbiter/ET MRP, in. Zmp
vertical location of SRB MRP, in.'Zs
orbiter vertical station, in.

SRB vertical station, in.

ET vertical station, in.

mated orbiter/FT angle of attack, deg. }‘
SRB angle of attack, deg.

mated orbiter/ET angle of sideslip, deg.

SRB angle of sideslip, deg.

alleron deflection angle, deg.

body flap deflection angle, deg.

elevon deflection angle, deg.

longitudinal displacement of SRB nose parallel
to the Xp axis from its mated position with the
orbiter and ET, position downstream, in.

lateral displacement of SRB nose parallel to
the Ym axis from its mated position with the
orbiter and ET, position to port, in.



NOMENCLATURE (Concluded)

PLOT
SYMBOL SYMBOL DEFINITION
AZ Z vertical displacement of SRB nose parallel to
the Zr axis, from its mated position with the
orbiter and ET, positive down, in.
Ao DALPHA incremental angular difference between O/ET
and SRB in pitch plane, degrees;
ho = Agpp = %g/ET
AB DBETA incremental angular difference between O/ET
and SRB in yaw plane, degrees;
A8 = Bgpp = Boser
¢ PHI model roll angie, degrees, positive right wing

down



INTRODUCTION

The space shuttle solid rocket boosters (SRB's) have small separa-—
tion motors (BSM's) in the conical nose region which fire during separa-
tion sequence. A series of three wind tunnel tests was conducted in the
AFDC/VKF Tunnel A on a 0.010 scale model of the space shuttle configura-
tion during SRB separation, with BSM firing simulated with cold jets,
to obtain proiimity force and moment data for the orbiter, external tank
and SRB's. This report presents results from the third test; conducted
from November 8 through November 13, 1976. Results from the.first test
(IA40) are given in feference 1 while reference 2 presents the second
test (IA142) results.

The primary objective of IAlL3 was to complete data voids in the

SRB separation aero data base for both plume-on and plume-off conditions.

The data from this test, when combined with previously cobtained plume-off

data (tests IA87 and IA111) and plume-on date (tests TALO and IA1k2),
provide adequate means for extending, either through extrapolation or
interpolation, coverage to all separation conditions bounded by the limits
ag/p = * 15° and Bo/p = % 15°.

TA143 was conducted with a single SRB separating from the orbiter/
external tank configuration. The orbiter/ET was sting-mounted through
the base of the orbiter of the Tunnel A primary support system. The

right ‘8RB was similarly mounted from the captive trajectory system {(CTS)



INTRODUCTION (Concluded)

sting. High pressure nitrogen was supplied to the SRB for Booster
separation motor (BSM) plume simulation.

The majority ofrthe test was run at a Mach number of 4.5 and unit
Reynolds number of 1.57 x 10° per foot. However, some data were
obtained at Mach numbers of 4.0 and 5.0 (using a constant dynamic pres-
sure for all Mach numbers) to determine jet—on Mach number effects.
Other test variables included orbiter/ET angle of attack and sideslip;
SRB angle of attack and sideslip relative to the O/ET; vertical, longi-
tudinal and lateral displacement of the SRB's from the ﬁated position;
SRB roll angle; and BSM plenum pressure.

A six—componentibalance was used to obtain force and moment data
on the orbiter/ET; a four—éomponent flow-through balance was used to
measure SRB forces and moments. One balance cavity pressure and two
base pressures were measured on the orbiter/ET; one base pressure Qas

measured on the SRB.

10
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CONFIGURATIONS INVESTIGATED 7

The model was a 0.010 scale representation of the Space Shuttle
launch vehicle, designated as Model T75-0TS. A model T2-0 wing was used
for simplicity because it . was not instrumented as was the T75-0 wing;
otherwise, it was identical to the T75-0 wing. The wing representéd a
140A/B configuration. The orbiter fuselage represented a 140C modified
configﬁration. The external tank model was built to VCT8-000002 linés‘
with an isentropic nose spike. SRB models were built to VCTT7-000002
lines to represent é modified vehicle 5 configuration. Figure 2a shows
the mated configuration. Figure 2b shows the orbiter configuration. .
Figures 2c¢ through 2f show the external tank configuration and its pro-
tuberances. Orbiter to tank attaéh hardware and feedlines are shown in
Figures 2g through 2i. The SRB is shown in Figure 23; The models were
fabricated from stainless steel and aluminum.

The mated orbiter and external tank were mounted on the tunnel
modified primary support system uéing the Rockwell International water
cooled strut W-11155, which allowed manual changes of pitch and yaw
angles of the inverted orbiter/external.tank. The orbiter was mounted
on the 0.85-inch diameter AEDC k.00-Y-36-0L9 balance. The balance was
mounted in the forward position in the orbiter (balance center at |
Xy 7.670) for the entire test. |

The S5RB was installed on the AEDC VKF captive trajectory system by
. means of the AEDC L4.00-Y-3L-065, four-component flow-through balance.

Figure 2k shows a sketch of the model installation.

11



CONFIGURATIONS INVESTIGATED (Continued)

Booster Separﬁtion motore consisted of two four-nozzle clusters,
located at the forward and aft endg of the SRB, as shown in Figure 2j.
Each nozzle wae supplied with high pressure nitrogen through a common
plenum for each cluster. The plenum was designed to provide simultaneous
firing of the forward and aft nozzles with identical plenum pressures.
Nozzle internal contours were designed to provide plumes simuleting full
scale plumes. External contours were made to maintain similitude with
full scale contours.

The two balances were calibrated by AEDC prior to the test. In-
tunnel check loadings were performed after installation to insure total
measurement system integrity. All transducers and thermocouples used to
measure base, cavity, sting, model plenum pressure and mass flow were
calibrated prior to the testf A calibration of balance forces and
moments and mess flow as functions of sting préssure wes performed for
the right SRKB. Thils calibration yielded thrust tares for the balance
components and the average thrust for the BSM nozzles. Thrust tares and
thrust/jet calibration are presented in Figurés 21, 2m and 2n.

The orbiter model was designﬁted as ORB, vhere:

ORB = Bgo C1p Epy Fg Myg Bs Ngg Nip3 Vg Wyg6

The individual orbiter components were defined as follows:

12



CONFIGURATIONS INVESTIGATED (Continued)

Component Definition
Bgo Body
Cqio Canopy
Eyy Elevon
Fin Body Flap
Mg OMS Pod
'N89 MS Norzzles
N103 MPS Nozzles
Rg . Rudder
Vg Vertical Tail
 W116 Wing

Reference Drawing

VL70-000140C -202¢, -2054,
-200B, -203A

VLT0-000140C -202B, -20k
SAS/AERO/73-34h
VLT0-000140C, VL70-35511k
VLT70-008401, VIL;70-008410
S5-A01279

SS-AO168T

VL70-0001k6B, VLT0-000095
VLT0-000140C, VLT0-000146B

VL70-000140A /B, VLT0-000200

The external tank was designated as ET, where:

ET = T35 AT,g AT13O AT131 FL,, FL,, FR,, FR,) FRl5 FR,¢ FRlT
FRyg Fng PT23 PT25 PT,¢ PI, PT33 PT39

where!

Component Description
ATog Aft O/ET attach structure per VLT8-000063, VLT8-000062B
AT13O Forward O/ET attach structure, per ICD-2-00001, Rev. B
ATlSl Aft O/ET attach structure cross-member, per ICD-2-00001,

Rev. B

Fligo Iii; feedline per VLT8-000063, VL78-000062B, VCT8-000002
FLqpq L0, feedline per VLT8-000063, VL78-000062B, VCT8-000002
FRig Fairing, per VL78-000063, VL78-000062B, Martin-Marietta

82600207000, VCT8-000002



CONFIGURATIONS INVESTIGATED (Continued)

Component Description

FRyy ET nose cable fairing

FRlS ET nose fairing for PT39

FRyg L0y feedline (FLyp) fairing

FRy7 LOo antigeyser~-line (PT23) fairing

FRy8 Aft electrical-conduit (PTps) fairing

FRyg IHs pressure line (PT33) fairing

PT23 LOs recirculation line per VLT8-000063, VL78-000062B,
Martin-Marietta 82600207000, VCT8-000002

PT25 Aft electrical line, per VIHB-OOOO63, VL78-000062B,
Martin-Marietta 82600207000, VCT8-000002

PTsg L0 pressure line, per VLT8-000063, VLT8-000062B,
Martin-Marietta 82600207000

- PTpg Electrical conduit, per ICD-2-00001, Revision B

PT33 I, pressure line per ICD-2-00001, Revieion B

PT39 ET nose probe, per ICD-2+00001, Revision B

T35 Modified vehicle 5 external Tank per VC78-000002

The solid rocket booster was designated as:

SKB = Sp), Nyo1 Myop Miog PSpp Ppg BSpp PSpg PSyg PS4y PSgp

PS33 Ps3h PS35
where:
Component Description
Nio1 Forward booster separstion motor nozzle block.

Reference; ICD-2-00001, Revision B (Model Drawing
55-401690).

14



CONFIGURATIONS INVESTIGATED (Concluded)

Component | Description
1‘3102 Aft booster separation motor nozzle block.
Reference: ICD-2-00001, Revision B (Model Drawing
SS-A01690).
N106 ‘ SRB Nozzle, per VLTT-000066, VCTT-0000024A.
- PSyy Electrical cable tunnel, per ICD-2-00001. Revision B.
PSoq SRB aft attach ring, per ICD-2-0000l, Revision B.
‘PSET SR nozzle actuastor struts, per ICD42-00001, Revision B.
PSag ATt booster separation motor fairing, per ICD-2-00001,
Revision B.
' PSpg Tiedown struts (&) per ICD-2-00001, Revision B.
PSqy Command antennae (2) per ICD-2-00001, Revision B.
g fs32 Data capsule camera, per ICD-2-00001, Revision B.
"PS33 Intermediate structural rings (3) per ICD-2-00001,
Revision B. ‘
PS3h Aft cable housing, per ICD-2-00001, Revision B.
g PS35 Aft structural ring, per ICD-2-00001, Revision B.
8y, Modified Vehicle 5 Solid Rocket Booster body.

15



TEST FACILITY DESCRIPTION

Arnold Engineering Development Center (AEDC) is an Air Force
facility located in Tullahoma, Tenneaaeﬁ. The tunnel used, Tunnel A, is
in the von Karman facility. Engineering and other technical operations
in this tunnel are conducted by cdﬁtractdr personnel of ARO, Inec.

Tunnel A is a %0 x 40 inch continuocus closed circuit, variable
density, supersonic wind tunnel with a Mach number range of 1.5 to 6.0.

The tunnel is served by the mein compressor system which provides a
wide range of mass flows and stegnation pressures up to a maximum of
200 psia.

The model may be injected into the tunnel for a test run and then
retracted for model ccoling or model changes without interrupting the

tunnel flow.

16



DATA REDUCTION

VStandard AEDC methods for computing tunnel parameters, balance forces
and moments, end model attitudes were used. Six-component force and
moment dats were recorded and reduced for the orbiter/external tank
balance. Base and cavity pressure ratios were computed but corrections
were not applied to the balance data. Four-component force and moment
date were recorded and reduced for the SRB balance. Thrust tares were
removed from these data and coefficieﬁts were calculated for the SRB
both with and without BSM thrust. One base pressure wag measured on the
SRB. Attitude and position locations of both models were éorrected for
sting/balance deflections.

The following reference dimensions were usedi

Value

Symbol Description Model Scale Full Scale
Lyefs Cref,
Pypayp . reference length, in. ;2.903 1290.3
Sref reference area, ft.2 0.269  2690.0
XMRP ¢, /5o orbiter/ET longitudinal location

of MRP, in. Xep 10.97 1097.0
XMRPSRB SRB longitudinal location of

MRP, in. Xg : 12,585 1258.5
YMRPO/ET orbiter/ET lateral location of

MRP, ino YT 0.0 O-O
YHRPSRB SRB lateral location of MRP, in. Y 0.0 0.0
Zy orbiter/ET vertical location of

/B urp, 1n. Zey 4.50 450.0

ZMRPSRB SRB vertical location of MRP, in. Zg k.00 420.0

17



REMARKS

The following test anomalies were observed during test IAlkL3:

All plume-on data were obtained using nitrogen rather than air.
Initial thrust calibrations of the BSM nozzles with air were very efratic
and inconsistent., No apparent problems with the air system were iden-
tified, but after the high pressure air had been replaged with nitrogen,
calibrations became very consistent and repeated throughout the test.

Prior to one series of runs during the third shift of the test, the
O/ET wag injected into the wind tunnel with the CTS/SRB in the wrong
position. This resulted in a collision of the O/ET with the CTS sting
and the SRB. This collision rolled the O/ET on the balance and put
three large scratches on the left side of the ET surface. The tunnel
was shut down and the O/ET was removed from the balance. Alignment
between the orbiter and ET was checked and found to be unchanged from
pretest measurements. The scratches were filled with epoxy and the ﬁodel
was reinstalled and aligned on the balance. The SRB was checked and
found to be undamaged. The test was then resumed after a delay of about

three hours;

18
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TARER T,
TEST ¢ TIA143 DATE ¢

TEST CONDITIONS

REYNOLDS NUMBE RfFp DYNAMIC PRESSURE  [STAGNATION TEMPERATURE

MACH NUMBER (pounds/sq. inch) (degrees Fahrenheit)
4.01 1.33 x 10° | 1.155 112
L.50 1.57 x 100 1.155 11k
5.03 1.82 x 100 1.155 114

BALANCE UTILIZED: 14.00-¥-36-049 in Orbiter; 4.00-Y-3L-065" in SRB

CAPACITY: ~ ACCURACY: Sl
(- NF 200 1lbs 11w
SF 200 1bs 11
)\ AF 50 1bs t .25 1bs
-0 —
? pM 310 in-lbs ¥ 1.55 in-l1bs
- 100 in-lbs t .5 in-1bs
{ Y 310 in-1bs ¥ 1,55 in-1bs
COMMENTS( NF 125 lbs t 63 lbs
. .
-065 4 SF 125 1bs I .63 1lbs
™ 451 in-1bs t 2,26 in-1bs
™ 451 in-lbs T 2,26 in-1bs

L
*Four-Component Flow-through Balance.

21




TABLE II. DATA SET/RUN NUMBER COLLATION SUMMARY

Key to AX and AZ Schedules

Schedule Value
50 0 25 100 150 200 250 275 300 350 400 425 450 475 500 600 800 1000

A X X X

A2 XX

AB X X X X X
AC X X—X
AD ) S X X X X X X
AE X X X X

AF X ———X——X X — X X X X X
B X X X

BA X X X X X X X
BB X X X X X X
BC _ X X X
BD X X X X

C X X X

CA X X X X X X
CB X X X X X
cC X X X
o X X X X X

D Y Y ——X

E | Yo———X X X

FA * X X X X
FB X X X X
FC X X X
FD X X

G X X X X X
GB X X X X
GC X X X
H X X X X X X X X X
J X ‘ X X X '

K X e Y X

L X X X

LA X X X

LB X—X X X

LC % X

M X X X X
N X X X

P X X X X




€2

QvX

SvX

PVX

TVX

TABLE II. - (Continued)

Key to Dataset Identifier Code

Orbiter balance data; Z or X, ALPHA, BETA, PHI, CN, CLM, CY, CYN, CBL, CA ~
Right SRB balance data; ALPHAB, BETAB, CNT, CLMT, CYT, CYNT, CN, CLM, CY, CYN

Miscellaneous model pressure data; PHI, PS, TA, PCPF, PB1/PF, PB2/PF, PCHA,
PCHF, PB/PF, MACH

Tunne? operating conditions; PA, DELP, PO, TO, PINF, QINF, TINF, MBOT, T1, T2
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